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Immunomodulatory effects mixed with Weissella cibaria JW15 and Black
soybean (Glycine max (L.) Merr.) Extract

Ho eun Park, Youn jung Jang, Wan kyu Lee”

College of Veterinary Medicine, Chungbuk National University, Cheongju 28644, Korea

The objective of this study was to investigate the
immunomodulatory effects mixed with Weissella ci-
baria JW1S strain and black soybean (Glycine max
(L.) Merr.). In this experiment, JW15 was cultured
in De Man Rogosa and Sharpe (MRS) broth at 37%
for 17 hr, and the cells were washed twice with sterile
phosphate buffered saline (PBS) (pH 7.2). And black
soybean was extracted by ethanol or hot boiling water.
The immuno-modulatory effects of mixed JW15 and
black soybean extract were investigated by measur-
ing the production of nitric oxide (NO), nuclear factor
kB (NF-kB) and cytokine (Interleukin-1§ and Tumor
necrosis factor-a) in RAW 264.7 macrophage cells or
RAW blue cells. The 0.1 % ethanol and hot water ex-
tract of black soybean increased NO, NF-kB, and cyto-
kine production in a concentration dependent manner.
The NF-kB activation by JW15 mixed with 0.1 % hot
water extract of black soybean (0.26 + 0.02) was sig-
nificantly higher than JW15 alone (0.20 £ 0.02). Also,
combination of JW15 and 0.1% hot water extract of
black soybean triggered IL-1p production of 110.19 +
4.38 pg/mL, which was significantly greater than the
JW15 alone (12.06 = 7.58 pg/mL). The results of this
study indicate that combination of Weissella cibaria
JW15 and black soybean extract may have an ability
to activate innate immune response synergistically.
According to these results, the mixture of JW15 and
black soybean extract could hold great promise for use
in probiotics.
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Introduction
A Al (probiotics) += 19891 Fullerol] <&l guln] A=
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T #HE MAT 2N sFFENA ol etA #Este
dolgle mAE bR A ESdT [1]. AA A 55
o] AFA R Fo] A&t & 4kt (lactic acid bacte-
ria) & i @FSES AUA Y2 AFE-3to] HE tiAL
2HE R 4 (lactic acid) & AAFSH7] wliToll, BB T2 A
AENAE NP A< = ArdA Are 588 AU o
o [1]. & A A= W2 d Aol 2H-g-ako] g Hejur
& 713 [2], 5 1gGel =58 EolH [3], AAE
o @A W7l es NI § HY9xd sEe] e
Aoz d#A At [1].

ol Weissella % A fabdael E3E A=,
1993d el 522 Collins 5] Leuconostoc < (Genus)
o] T2 FEH XolE Hol: Leuconostoc paramesen-
teroides$}t Lactobacillus < 555 Folr 6502 A28
Weissella <& Ar3Fozn wrEo]gdon Az 14%9]
Weissella 4 M+to] 4402 4 A v} [4]. Weissella
&2 O G FolE gAgF oz dEtolA] 44 olH o]k
shebael ZES A8k o] At a2 (heterolactic
fermentation) & &3l TEZS A ojilseb AR WhE
Al ZIth, B8 Weissellas A7} 52 91743, AA9 &
2 g opA, 1 2o] Aebu] AAIF], 2|19 Al
S dagAA gol AEH L e Ao dA L A
[5

Weissella cibaria= 2002\d¢l Bjoérkroth 5ol °Ja] A
o=z Wiy gl=d, 2004 Ennahar 52 20023 k=t
9] Choi s°] AANA $HFoZ 2], Y3t Weissella
kimchii’} Bjorkroth ‘5o ™3+ Weissella cibaria$t &
d FFUS Felste] Rudtr| = AT} [6]. Weissella ci-
baria= A &} 22 DE A ANA SHFOE FEEH L A
o, weissellicin®} 2 &+ &2 A4 9 avian influenza
virusel|l gk ufole] 2 g3 HaE il glom, 4% vir)
B o Aol #Hofste] WY avE YepdthE 747 5
o] marw il gt} [7]. AA A E]d ik Weissella
cibaria JW15 (JW15) = AdgAFolA WiHg, WE5A,
WEd, 394 AAcH 22 AAAZA ] EAS 7HA
e Ao 2 W E 9l 0w macrophages cellol 4 2] nuclear
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factor kB (NF-kB)E &/ $}A]7] 1L nitric oxide (NO), in-
terleukin (IL)-1B % tumor necrosis factor (TNF)-a A4
S FAANA MG xd gt e Ao w FAHA [8].
ol A Aol A macrophaget= monocyteZ €] ¥3}¥ Al
xR A A H Ao A 7 AR 2§
A Agur-So) glojA Fad 98-S 84 "t Macro-
phage= W&oy lipopolysaccharide (LPS), lipotei-
choic acids (LTA) 22 vAE T84 93] &3ty
i, NOu 45 %710 #-&sh= x4 9 IL-1p¢H TNF-a
< 954 cytokines #Hste w59 Ws A=
& a9l [9-12]. NO& L-arginine®] nitric oxide
nthetase A2 H-E A== EZ2 A7 B EA43)
& A=, AU MY HEE Al
SlTh [13, 14]. IL-1p= ZdolL} ol o)
dhsl = :,]‘(_7] =X

&l &l =
4, 83, 29 53 2o o
o)

=

o

il

u2
)
T
T,
olo
o

¢

319
T,
Lﬁmbﬁi

fu ofN o

ol
o

o )
re —LN 18

-

©9 Zua)7]7) = st} [15, 16]. TNF-0= Al

FA) Al dE A& 24387 intracel-
gens o A|ste] 5o WA A oA FH S
g e v [17]. o213 cytokines 2 o] F-F el
3 o] W o] 7%k 7]ofstar, FF ¢ FA ble]
& 798252 cytokinedl 93] X &5 7%= o) [18].
NF-kB= DNA ALz g o) ol vl H3koln),
3 NF-kBE 154 cytokine f-d#12] & of

MR o b o & L2 oMy

Fas AEdS 7= s} [19].

A el(AL%F, Glycine max (L.) Merr)= o 258 3=
5o AEAY A 8A] 5o G2 EL AE FLARRZ A
3L Q= thAH] A FEAA Fo] shte]7|E stk A ]
o= Aol A, S, olAEeHE, Al d, FewA,
254 2H 57 Hx SIFE Sol o R o] gle
W, 53] T o r FHol U TEA IS el
Gats}, gutole] s, WA ST Fof thekst A gd avrt
AE Ao dHAL YA, Ay FEE] Helxd &
ol tiaiA e B A7t o] Fol A A e-& FHoltt. [20]

kA B = RAW 264.7 cellsoll 4 2] A28 o k-2

gl

9D A5E2EE3 Weissella cibaria W15 f-4Fe] Wl gk
d&7& NO, NF-kB, cytokine (IL-1B¢} TNF-a) 54 <
T3 Fetal, FEEY fAT T HASH AIUA &
HE HST FHo2 APH Q).

Materials and Methods
FUD Y

Aol A #-2| & Weissella cibaria W15 (KACC 91811)
75+ De Man Rogosa and Sharpe (MRS) broth (BD,
USA) °l A 30°C, 24413+ w43 5, MRS plateE ©]-&-3t
o #55 S43TE g vl A E 4°Col 4] 12,000
pmo 2 103 44 Belate] A5 v AT
8+ ¥ phosphate buffered saline (PBS; pH 7.2) .2 23]
AF 5, 110°Cel A 1523 A gsto] fAkd& AFEA
% 1.0 x 10* CFU/mLE 3438t in vitro H &4 =4 &
Al &2 AREsEI T [8].

MElH ==& ZHI

Aele g 4455
Qakekz AT Ao A AFE =
Stk Ael el (Glycine max (L.) Merr) & F#5¢ A&
(94%) 40mLell 747} 5271 % o 2}
O =& 25°C, 24A7H 9 wnk &S S akk &
% Whatman No. 32 o] #}&}a1, 40°Coll A 3] A2 35357
£ o] &3] 7+ gl AAEUY &4 FE2E HAF FEE
Se LAAZ F npas, PBSZ 54 (wh) ahe 0.1%,
0.01%, 0.001%%E #lzx3lo] A& AFE-313 T

A=
=
©
y.

B
ML

MIZEHH Q¥

RAW 264.7 macrophages (Korean Cell Line Bank, Ko-
rea)¢} RAW BLUE cells (InvivoGen, USA)-2 10% fetal
bovine serum (FBS; Gibco Laboratories, USA), 100 unit/
mL9] streptomycin® penicillin (Gibco Laboratories)o]
A 7}¥ Dulbecco’s modified Eagles’s medium (DMEM:
HyClone, USA) v A & AF&-3}of 37°C, 5% CO, =31l A
w93kl th. RAW BLUE cells 4~5% 7l 5, 100
mg/mL<2] Zeocin (InvivoGen, USA)S A g a3 th [8].

Macrophages 2%t

RAW 264.7 macrophages¢} RAW BLUE cells> 12
well plate®] 7} well® 5x10° cells/mL7} ¥ =2 33}
2A1E b3 A7 S A 2 A 2 A st F=RTE L F
1.0 x 10®* CFU/mL¥ =& 5 heat-killedst JW15 f4t
1 A% 100 pL, A28 de-g, 55555 247 100 pL
£ F7late] 48417 w3ttt 45 Wk 22 100, 500,
1,000 ng/mL LPS (Sigma, USA)S A2}l om, 48417k
= vk AEankS 2ol NO, NF-xB¢} cytokine (IL-1p,
TNF-0)°] =& SA 33t [8].

NO =X

NO9] &%= Griess reagent (Promega, USA) & ©]-8-3}
o] S8t} 50 puL¢] macrophage ¥l %9 7} nitrite stan-
dard (0~100 uM sodium nitrite) ol 1% sulfanilamide”}
3% 5% phosphoric acid 50 uL ¢} 0.1% N-1-naphthyl
ethylenediamine dihydrochloride 50 L& 4]aL 2-2-¢] ¢
Ao 1083+ W13k ¥, 540 nmol 4] microplate reader
(Tecan, Austria) & AH&3te] FF =S SH4st3th 4T
3% k& standard EFFAE o] &3 NO9 A&
=2 Ask e [21].

NF-xB =3

Secreted alkaline phosphatase reporter geneo] <F4 4
© 2 transfection] RAW BLUE cells& ©]-§3}4 NF-xB
pathway & &4 kA7) =] 21331 tt. 12 well plateel] 5.0
x 10° cell/mL RAW BLUE cells-3 £3=&}aL 243} 14 3}
AL, IW15 59 ol ehe R A5 F2E58 247 HAFs)
o] 48717k vl d3tgith. A vl=E 4 2% 100 ng/mL LPS
(Sigma, USA) & AH&at3ich. vl 5 < &3 20 uL
9} QUANTI-Blue (InvivoGen, USA) 200 pLE 96 well
platecl £33 5 37°Col A 1587 WAz o1, uk-g-o]
£ ¥ 620 nmol| A] ELISA reader (Tecan, Austria) & A}
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Cytokine =&

IL-1p¢} TNF-a9] ELISA kits (eBioscience,
USA) £ o] &3lo] 7933l th. 96 well plateol] coating buf-
fer2 413k [L-1B9} TNF-02] capture antibodies 100 pL
Z 4°ColM 33 FoF =Yttt 0.05 % (v/v) ¢ Tween
20 (Bioshop, Canada) & 3 %st= PBS(PBST) = 59 Al
% % PBSE 8413 10 % (v/v) FBS 200 pL= 1] 7H50k
H| Eo] 2 ¢l gl AghS 7] 98] vhg A Rtk PBSTR 5
H AlF 3 IL-1B9F TNF-a2 standard¢} macrophage vl
akol 100 pLE W1 24 7HESH A2 A vkt mE
standard¢} sample- 391%) A Ask3ict. PBSTE thA] 59
Al A gk 5, IL-1p<} TNF-a.9] detection antibodies 100 uL.
£ IARE Rt A2 A A5t 9i et Plates PBST= 5¥ Al
2 & Avidin-HRPE 3027t A2 A 5k-&A17] 3 PBST=Z
7H AF s A2 F 100 ple] Tetramethylbenzidine
(TMB) & 9Faol 4] 15% w-417] 3 50 uLe] 2N H,SO,
2 S WS sGTh wkgo] E4 plateE 450 nmol
A 5438k F33 2 4kS standard (0~1,000 pg/mL; IL-1,
TNF-a) £5354& o83t Axtaalot [8].

=
TEE

SHEA L 2004 AN

FAIA 8= SPSS (Window ver. 12.0; SPSS, USA)E ¢]
gatglom a53ke] o4 717442 ANOVASH Duncan’s
tests& AH-&-3HA T (P<0.05).

Results

MelE] oIE
e e ol
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ol Y HAXAGIN
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NO production (uM/mL)
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(¢]

ytokine! IL-1B, TNF-a.2] A &S
Z7gsdeh L A9 NO 8= 29,
FEES A 02 v Al FEE2NOAYALF
ZHIANZIA BEkdth Eyv 0.1% d5FEE
UM/mL) & T2 Fre] FHE R} fo
%715 Yehglth NF-kBel 4%, 0.1% ol g3
ArFEEo| e ¥ FEENG FelHoR o
F-xBE &4<& B3t IL-1BY A5, ol &g =
€}

289 FEY
0.
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o0 olN

o,
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ro,
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Z oo

ST,

oo ro g o © do 4y K
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oM,
o2
o
T
o
>
&
X2
o
:E
o
=
X
9
[

% (49.57 + 1.43 pg/mL) 7 0.1% ol eh&3% 2 (38.14
471 pg/mL) o] T} ol s 2149l IL-1B 414 %
7hE UERR AT 0.1% M el B) 9532559 TNF-o A4
©] 24.725.3 + 146.88 pg/mLo.2 714 £ & 542
Qom, 0.1% ol e&FZ T vla) Fol 4l 712

Atk (Fig. 1).
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AxFEg

A g ddgte 9 A5FEE 7 Weissella cibaria W15
FFobe] B A Vel E W zA AU % &3E 8l
9 38ked, NO, NF-kB ¥ cytokine (IL-1B, TNF-a) <] 44 =
< S48t 2 A3 NO A HY A9 7Hd e =
0.001% Mg H 445524 JW15 oA NO A
(12.65 + 1.56 uM/mL) o] 7F¢ A S4=3om, IWLS
S o] NO A4 (1134 + 0.45 uM/mL) o 18} 5] %
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Fig. 1. Nitric oxide (NO), nuclear factor (NF)-kB, interleukin -1 and tumor necrosis factor (TNF)-a production by RAW 264.7 cells
or RAW BLUE cells induced by three concentrations of ethanol and hot water extract of Black soybean. L100; lipopolysaccharide
(LPS) at 100 ng/mL, L1000; LPS at 1000 ng/mL, EE; ethanol extract of black soybean, WE; water extract of black soybean. Different
superscript letters (a, b, ¢, and d) indicate statistical differences as determined by ANOVA (P<0.05).
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wh el Hlal frol Ao %2 NF-kB A4S Fi=skqlvh
IL-1B &4 23, 0.01%%} 0.1% @FF2E EFdA &
7} 24.15+2.19 pg/mL+} 110.19 £ 4.38 pg/mL=Z A JW15
G52 12.06 + 7.58 pg/mLE T} TI’"] Al F7F A& v
e ATt L2k TNF-o A 2] 45 A2 oehs 2
TFIFEE £ BFolA JWI1S whsatel b8 fo] <l

7F Ak gl 5 )i (Fig. 2).

o\ 1R

Discussion

/‘(E%Lxﬂ (Probiotics) A AHR & SAFES] WA =
"2 W2 ‘?i?e Z3 Ry gr} [21]. B ATolA
F‘lﬂ 2kt 5= Q) Weissella cibaria W15 %3¢ in vitro %
o4 NO, NF—KBQ‘r cytokine A4Hs Z7HAIA &7 WA
& TINA 59 WGBS T I= eZ B2
aso} 9} [8]. ¥ Aol IWISHFe £33 Al
(Glycine max (L.) Merr.) ol tla|A] &1ts} %} A 2 gkot &
4T A UE AT ol A E Qo [22], |
Az S vig e AFE F-E5S ”@’01‘3} upepA]
Aol A= JWIS Ak o Mg ogte, dF-F58

U=, 2T T &2 = E

RS W, 2t 9 EE (NO, NF«B, IL-1p Z18]x
TNF-0) o A4S S ete] fakst A2 e 222 o
957 AUA I} o5 Sl

m>~

15 49 AAsH,
AH e #F2W A5FFES SEEE RAW
N

264.7 o) 2] Al 3o O, NF-xB 18] cytokine

I
Bdse SAT Ao, Meld) FE=0] 4 dgA = A
*é% %7}/\1715 A& A 5 ddn (Fig. 1). o] 9 &2
= A ALFS Fosto] IL-2

=
9} INF-'Y-J AAS ZIMA FH T oot fAS A2 Az
o} [23]. 2T 1A =2 soy isoflavones”t LPSZ
EJ fH”/‘ﬂ A NO9| 84S Astr7l= Fd9sads
7HtE A7 Bol RauHa gl [24], & A=

- EE + WIS SVE 6 FRLS L

12 4 2"
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% Z7}/\] A= B o A S 2k ¢l} [25]. Harata
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TNF a2l mRNA 28-S F7A7ts A3 us dxs)
Rtk [26]. wekA B AR AdE FE IWISTFok A
HEEee] EFEo 98 548 ‘JrEhH*E 71441 cy-
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Fig. 2. Nitric oxide (NO), nuclear factor (NF)-«B, interleukin-1f and tumor necrosis factor (TNF)-a production by RAW 264.7
cells or RAW BLUE cells induced by ethanol and hot water extract of black soybean mixed with Weissella cibaria JW15. L100;
Lipopolysaccharide (LPS) at 100ng/mL, L1000; LPS at 1000ng/mL, EE; ethanol extract of black soybean, WE; water extract of black
soybean. Different superscript letters (a, b, ¢, d, e and f) indicate statistical differences as determined by ANOVA (P<0.05).
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-‘?046}0% in vivo 2ol A= Wl Z7 AU R & 3}p7h e g
, Weissella cibaria JW15¢5-¢} N e8] A5-FEE9] £
H%S— HefE o] Ashel *}”‘il Twe AR S AEL
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